Roosters were fed 0\m=.\1 % caffeine mixed by weight into a standard ration. With continued dietary caffeine administration, the average fertility of eggs collected for 2 weeks from untreated pullets inseminated with semen from the treated males at 0,7 and 14 days after the start of treatment was 30\m=.\8,33\m=.\5 and 3\m=.\3 %, respectively. After 14 days of treatment fertility was significantly lower (P < 0\m=.\001)than before (0 days) or 7 days after treatment. Semen output and sperm concentration were markedly reduced 17-21 days after treatment, and no semen could be collected from the roosters after they had received caffeine for 30 days. Removal of dietary caffeine resulted in resumption of semen production and a return of fertility to the control level. Testicular histology showed that spermatocyte divisions ceased and spermiogenesis was abnormal, although Leydig tissue and the response of the males to massage for semen collection was not affected. The effects on spermatogenesis and fertility were reversible after treatment for 30 days.
Introduction
Caffeine (1,3,7-trimethylxanthine) and its derivatives have been reported to be mutagenic to bacteria (Demerec, Bertani & Flint, 1951 ;  Grigg, 1968 ), yeast (Loprieno & Schupbach, 1971 ; Fabre, 1972) , plants (Kihlman & Levan, 1949; Yamamoto & Yamaguchi, 1969) , and Drosophila (Andrew, 1959; Mittler, Mittler & Owens, 1967; Kuhlmann, Fromme, Heege & Ostertag, 1968) . Decreases in litter size and increases in fetal résorption resulted when caffeine was injected into pregnant rodents (Nishimura & Nakai, 1960; Gilbert & Pistey, 1973) . Dietary caffeine (0-05 and 0-1 %) had no effect on fertility when fed to domestic hens, but a significant increase in embryonic mortality was attributed to caffeine (Ax, Bray & Lodge, 1974a; Ax, Lodge & Bray, 1974b) . The amount of damage to cells and organisms was found to be dependent on the caffeine dose in all the studies mentioned above. This paper presents the effects of feeding 0-1 % caffeine on the spermatogenesis and fertility of roosters and on the embryonic mortality of their progeny before hatching.
Materials and Methods
Eight roosters and 120 White Leghorn pullets were housed in individual cages in a 16 hr light : 8 hr dark photoperiod. Feed and fresh running water were freely available. The pullets to which the males were to be bred for tests of fertility and of the embryogenesis of their progeny were fed a standard laying ration, and roosters were fed 0-1% dietary caffeine (1,3,7-trimethyl 6-xanthine: Nutritional Biochemicals Corp.) mixed by weight into a standard ration.
Semen was collected twice weekly from all males, and sperm concentration was determined from haemocytometer counts. Pullets were inseminated with semen collected from 4 of the roosters 0, 7 or 14 days after caffeine had been added to the diet. Eggs were collected daily for 2 weeks after the single insemination. Details of the methods of semen collection, insemination and incubation have been reported previously (Ax & Lodge, 1975) . One rooster was killed at 0,31,38 and 63 days after the start of the caffeine treatment. Two roosters were fed caffeinated feed for 31 days ; they then received R. L. et al.
the standard ration, one for 7 days and (he other for 14 days, before being killed. Two roosters were fed caffeinated feed for 35 days followed with the standard ration for 28 days before being killed. Testicular tissue was placed in Bouin's fixative, embedded in paraffin wax and sectioned at 5 pm. Sections were stained with haematoxylin and eosin and examined under the light microscope.
Results
Throughout the experiments the average feed consumption/rooster was 145 g/day and each rooster therefore took 145 mg caffeine/day. As shown in Table 1 , the average fertility level of the eggs col¬ lected during the 14-day collection period from untreated pullets following a single insemination with semen collected from the treated males was significantly lower, by 2 analysis (Steel & Torrie, 1960) , 14 days after the start of caffeine treatment. The sperm concentration in semen samples pooled from all roosters remained consistent for 17-21 days after caffeine was added to the ration, but then markedly decreased until by 30 days semen could not be collected (Table 2 ). After removal of the dietary caffeine, semen was obtained 11 days later and the sperm concentration was normal by 21 days (Table 3 ). 3-3* 31-0 23 10 4 10 7-5 5-4 17-4 8-9 * < 0001 when compared to fertility of males before caffeine feeding. Examination of histological preparations of the testicular tissue removed from roosters re¬ vealed that spermatogenesis was markedly affected by caffeine. After 31 days of treatment few spermatocyte divisions were noted, and little if any spermatogenic activity was observed in the testes of roosters treated for 63 days. The testes of the roosters fed the diet containing caffeine for 35 days and then the caffeine-free diet for 28 clays appeared to be normal. Before killing the roosters receiving caffeine for 35 days followed by the control diet for 28 days, semen was collected and 36 pullets were inseminated. Fertility and embryonic mortality results from 361 eggs collected over a 14-day period showed that there were no significant differences compared to those from eggs of pullets inseminated with semen from the roosters before the caffeine treatment started (Table 1) . It therefore appears that the detrimental effects of dietary caffeine on spermatogenesis in roosters are reversible, at least for the times studied in the present experiment.
The roosters responded to manual stimulation and attempted to ejaculate for 63 days while receiving caffeine. The number of Leydig cells remained consistent in testicular sections. Therefore spermatogenesis, rather than ejaculatory response, was inhibited by caffeine. Trace amounts of fluid obtained after sperm depletion were regarded as lymph transudate and an artifact of massage collection (Lake & El Jackal 965).
Discussion
The depressive effect of caffeine on spermatogenesis in this study agrees with the findings of Andrew (1959) on Drosophila. The marked decrease in the percentage offertile eggs resulting from insemin¬ ations with semen from the treated roosters before the observed decrease in sperm concentration suggests that sperm maturation or spermiogenesis was influenced as well as spermatogenesis. Spermatogenesis from meiotic prophase until spermatozoa pass through the lumen of the semini¬ ferous tubules in roosters has been reported to take 12-13 days (de Reviers, 1968), and an additional 3 days are necessary for passage through the rest of the male reproductive tract. The differences in embryonic mortality in this study were not statistically significant, even though the 17-4% mortality in embryos resulting from inseminations with spermatozoa collected from roosters which received caffeine for 14 days was twice as high as the loss of embryos resulting from insemination with sperma¬ tozoa collected at the other times (Table 1 ). The lack of statistical significance was probably due to the low number of fertile eggs. The progressive decrease followed by complete cessation of sperm concentration in semen collections may have been due to caffeine effects on the meiotic cell divisions, since chromosome clumping at the first meiotic prophase of spermatogenesis has been reported (Slizynski, 1971) .
Semen production returned to normal after removal of caffeine from the diet, and the normal histological appearance of the testes without a depressing effect on ejaculatory response supports the hypothesis that caffeine acts by genetic damage to cells replicating DNA, if it is assumed that caffeine is dispersed freely in the intracellular water of all tissues (Axelrod & Reichenthal, 1953) , including testicular tissue in this study.
